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H20+ + H20 -+ OH* + H30+.

The free radical OH* has an unpaired electron and is therefore highly
reactive as it seeks to pair its electron to reach stability. At the high
initial concentrations, certain back reactions occur producing hydrogen
molecules, hydrogen peroxide and water. The initial species produced in
water radiolysis can then be written as:
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Instead of being ionized, the water molecule may simply be excited
according to the reaction:
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where H2O* is the excited molecule. But H2O* soon breaks up into the
H* radical and the OH* radical according to:

As a result of the above processes, three important reactive species are
produced: the aqueous electron, OH*, and H*, with initial relative yields
of about 45%, 45%, and 10%, respectively. These reactive species attack
molecules in the cell leading to the production of biological damage. The
OH* radical is believed to be the most effective of the three species in
causing damage. Because it is an oxidizing agent, it can abstract a hydrogen
atom from the deoxyribose moiety of DNA, for example, yielding a highly
reactive site on DNA in the form of a DNA radical. Since this process
arises from the irradiation of a water molecule rather than the DNA itself,
the process is known as the indirect effect. Electrons set in motion by
photons can, of course, directly excite or ionize cell macromolecules by
direct interaction with the critical molecule. This is called the direct effect.
Both mechanisms can produce cellular damage. There is strong evidence
that the DNA is the most critical site for lethal damage, but other sites
such as the nuclear membrane or the DNA-membrane complex may also
be important.

Ward (Wa88) has derived an approximation of the damage yields
expected in various moieties of DNA within an irradiated cell, in which
consideration is given to the direct deposition of energy in DNA and other
molecules. Table 1-1 shows the amount of energy deposited per Gray in
each moiety of DNA within a cell that is assumed to contain 6 pg of DNA